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(54) ELECTROMAGNETIC WAVE ABSORBENT COMPOSITE POWDER MATERIAL, 
ELECTROMAGNETIC WAVE ABSORBENT, AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provided an 
electromagnetic wave absorbent which is superior in 
electromagnetic wave absorption properties and 
furthermore light in weight. 

SOLUTION: A mixed powder material is composed of 
ferrite magnetic powder having a spinel structure or a 
magnet plumbite structure of a crystal system and 
ceramic powder mixed at a weight ratio 99.5:0.5 to 
90:10. The electromagnetic wave absorbent is formed of 
the powder material. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is an ingredient in the end of composite powder for electromagnetic wave absorbers crystal 
system consists of mixed powder which mixed the ferrite magnetism powder which has the presentation 
of a spinel form or an ignition-magneto plan cutting tool form, and ceramic powder by heavy 
quantitative ratio 99.5:0.5-90:10. 

[Claim 2] Said ceramic powder is an ingredient in the end according to claim 1 of composite powder for 
electromagnetic wave absorbers it consists of the quality of the materials which consist of at least one 
sort chosen from an alumina, a silica, a magnesia, a mullite, cordierite, a magnesium silicate, a steatite, 
forsterite, a zirconia, a titania, barium titanate, and titanic-acid calcium. 
[Claim 3] The electromagnetic wave absorber produced in the end according to claim 1 or 2 of 
composite powder for electromagnetic wave absorbers using the ingredient. 

[Claim 4] The manufacture approach of the electromagnetic wave absorber equipped with the process to 
which crystal system adds and kneads an organic binder to the mixed powder which mixed the ferrite 
magnetism powder which has the presentation of a spinel form or an ignition-magneto plan cutting tool 
form, and ceramic powder by heavy quantitative ratio 99.5:0.5-90:10, the process which form a Plastic 
solid by carrying out injection molding after said kneading, and the process which sinter after 
performing cleaning processing to said Plastic solid. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an ingredient, the electromagnetic wave absorber which 
has the function which absorbs the noise electric wave to which it is produced [ electric wave ] using 
this ingredient and comes from the outside, and prevents that effect, and its manufacture approach in the 
end of electromagnetic wave absorption composite powder ferrite magnetism powder and the ceramics 
were compounded. 
[0002] 

[Description of the Prior Art] In recent years, the traffic control system using mobile communication, 
wireless LAN, microwave, and a millimeter wave is spreading, and a frequency band is in the situation 
expanded to the mega hertz pan from kilohertz to GIGAHERUTSU. Moreover, the clock frequency of 
electronics control devices, such as a computer, was also accelerated, and the RF has caused various 
electromagnetic wave disorder. Furthermore, the problem of the television ghost by reflection of the 
electromagnetic wave from the multi-story building accompanying upper-layers-izing of a building is 
turning into even a social concern. 

[0003] The electromagnetic wave absorber which put creativity is variously installed in the ingredient 
side or the shaped surface by the wall surface circles of the interior of an electronics control device, or a 
building that it should correspond to such electromagnetic wave disorder. 
[0004] A ferrite is the quality of the material to which magnetic loss becomes large on a certain 
frequency by resonance reduction accompanying migration of a magnetic domain wall thru/or gyroscope 
MAG movement. And in the field in which magnetic loss becomes large in this way, a ferrite can be 
used as an ingredient which absorbs the energy of an electromagnetic wave. 

[0005] By the way, the application is crossed to SHF (3-30GHz) from the VHF band (30-300MHz) also 
as a charge of an absorber, and a charge of an absorber with the high absorption efficiency in such a 
large frequency band is desired. 

[0006] However, since loss of the charge of a ferrite system absorber depends a ferrite on resonance 
reduction, the effective frequency domain as a charge of an absorber is restricted. Moreover, it is 
impossible to cover a large frequency band with the one quality of the material from there being 
threshold value of the permeability called the principle of Snake. Therefore, in order to correspond to 
wide range application, it is necessary to choose the ingredient suitable for a use frequency band. 
[0007] Although it can divide roughly into a spinel form, hexagonal form, and garnet form if a soft 
ferrite is classified from the crystal structure, the spinel form is extensively used for the electromagnetic 
wave absorber also in the soft ferrite. 
[0008] 

[Problem(s) to be Solved by the Invention] The thing of the simple configurations where a consistency 
is 5 - 6 g/cm3, and has the flat-surface configuration of a square or a rectangle as a configuration, such 
as tabular, of the ferrite sintered compact aiming at electromagnetic wave absorption is most. 
Specifically, the 100x100x5mm (345g/(piece)) tabular thing is marketed. Moreover, the ferrite 
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electromagnetic wave absorber of the simple lattice configuration (100x100x20mm, 1 grid size of 
10x10x20mm) which has much space of a cube or a rectangular parallelepiped configuration is also 
marketed. 

[0009] The above-mentioned electromagnetic wave absorber is fabricated by press forming, extrusion 
molding, rubber press shaping, etc. However, by these approaches, as mentioned above, a configuration 
is simple and, moreover, thickness can produce only a comparatively large electromagnetic wave 
absorber. 

[0010] Although electromagnetic wave absorptivity ability was governed by the electromagnetic 
property and configuration of the quality of the material, in the above simple configurations, it also 
became difficult for the area which receives an electromagnetic wave to become small, and to absorb the 
reflected electromagnetic wave, and it was not able to say electromagnetic wave absorptivity ability for 
it with fitness. Moreover, since it was difficult to make thickness of an electromagnetic wave absorber 
thin in the conventional process, lightweight-izing of an electromagnetic wave absorber was also 
difficult. 

[001 1] In especially construction relation, the effect which it has about lightweight-izing, the time 

necessary for completion, etc. of a skyscraper at the time of a design and construction is serious. About 

this point, even when adopting as electromagnetic wave dark rooms, it is the same. 

[0012] This invention is made in order to solve the above-mentioned technical problem. The purpose of 

this invention is to have the outstanding electromagnetic wave absorptivity ability, and offer a 

lightweight electromagnetic wave absorber. 

[0013] 

[Means for Solving the Problem] An ingredient consists of mixed powder with which crystal system 
mixed the ferrite magnetism powder which has the presentation of a spinel form or an ignition-magneto 
plan cutting tool form, and ceramic powder by heavy quantitative ratio 99.5:0.5-90:10 in the end of 
composite powder for electromagnetic wave absorbers concerning this invention. 
[0014] When the invention-in-this-application person actually produced the electromagnetic wave 
absorber using the above-mentioned ingredient and measured permeability, for example, as shown in 
drawing 1 , permeability became high in the large range. Therefore, the electromagnetic wave absorber 
with which the effective frequency domain was widely excellent in electromagnetic wave absorptivity 
ability is obtained by producing an electromagnetic wave absorber using the above-mentioned 
ingredient. Moreover, as shown in Table 3, the consistency of an electromagnetic wave absorber can 
also be reduced by adding ceramic powder to ferrite powder. Thereby, lightweight-ization of an 
electromagnetic wave absorber can also be performed. 

[001 5] The above-mentioned ceramic powder consists of the quality of the materials which consist of at 
least one sort chosen from an alumina, a silica, a magnesia, a mullite, cordierite, a magnesium silicate, a 
steatite, forsterite, a zirconia, a titania, barium titanate, and titanic-acid calcium preferably. 
[0016] The electromagnetic wave absorber concerning this invention is produced in the above- 
mentioned end of composite powder using an ingredient. Thereby, it excels in electromagnetic wave 
absorptivity ability, and a lightweight electromagnetic wave absorber is obtained. 
[0017] The manufacture approach of the electromagnetic wave absorber concerning this invention is 
equipped with each following process. Crystal system adds and kneads an organic binder to the mixed 
powder which mixed the ferrite magnetism powder which has the presentation of a spinel form or an 
ignition-magneto plan cutting tool form, and ceramic powder by heavy quantitative ratio 99.5:0.5-90:10. 
A Plastic solid is formed by carrying out injection molding after kneading. It sinters, after performing 
cleaning processing to this Plastic solid. 

[001 8] By producing an electromagnetic wave absorber using the end of composite powder this 
invention is started as mentioned above, as this electromagnetic wave absorber can be lightweight-ized 
and it is shown in Table 5, a moldability and a configuration maintenance property can also be 
improved. Furthermore, height can form easily the Plastic solid of a high and three dimension 
complicated configuration to a base by adopting injection molding. 
[0019] 
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[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using 
drawing 1 . 

[0020] Crystal system is the mixed powder which mixed the ferrite magnetism powder which has the 
presentation of a spinel form or an ignition-magneto plan cutting tool form, and ceramic powder by 
heavy quantitative ratio 99.5:0.5-90:10 the composite powder end for electromagnetic wave absorbers of 
this invention. 

[0021] The above-mentioned ceramic powder consists of the quality of the materials which consist of at 
least one sort chosen from an alumina, a silica, a magnesia, a mullite, cordierite, a magnesium silicate, a 
steatite, forsterite, a zirconia, a titania, barium titanate, and titanic-acid calcium preferably. 
[0022] The electromagnetic wave absorber of this invention is produced using the above-mentioned end 
of composite powder. Thereby, it excels in electromagnetic wave absorptivity ability, and a lightweight 
electromagnetic wave absorber is obtained. 

[0023] Next, the manufacture approach of the electromagnetic wave absorber of this invention is 
explained using drawing 1 . As shown in drawing 1 , crystal system prepares the ferrite magnetism 
powder which has the presentation of a spinel form or an ignition-magneto plan cutting tool form. As a 
soft ferrite magnetic material, it is desirable to use elasticity ferrite powder, such as a Mn-Zn system, a 
nickel-Zn system, a Mg-Zn system, a Cu-Zn system, and a Li-Zn system. Although it is desirable to use 
it where a temporary-quenching join is given, if these are ground mechanically and grain refining is 
carried out at a back process also in the state of the calcinated powder, they are usable. 
[0024] Next, the ceramic powder ingredient mixed with the above-mentioned ferrite magnetism powder 
is prepared. A ceramic powder ingredient consists of the quality of the materials which consist of at least 
one sort chosen from an alumina, a silica, a magnesia, a mullite, cordierite, a magnesium silicate, calcia, 
yttria, a steatite, FORUSUTE tightness, a zirconia, a titania, barium titanate, and titanic-acid calcium. 
Since the grain size of the ceramic powder used here brings close to the sintering temperature of ferrite 
powder, it is desirable to use powder 1 micrometer or less. 

[0025] The above-mentioned ferrite magnetism powder and a ceramic powder ingredient are mixed by 
heavy quantitative ratio 99.5:0.5-90:10, and the end of composite powder is produced. 
[0026] Next, a binder is prepared. What made the subject the organic binder which consists of 
thermoplastics as a binder is used. For example, polyolefines, polystyrene, an ethylene- vinyl acetate 
copolymer, the poly acrylics, a wax, and phthalic ester can be used as a binder. 

[0027] The above-mentioned end of composite powder and an organic binder are mixed with a blender. 
For example, with V blender, the end of composite powder and an organic binder are mixed at a room 
temperature for 30 to 60 minutes. In addition, it is usable in mixed equipments other than the above. 
[0028] After mixing the end of composite powder, and an organic binder as mentioned above, it kneads 
using pressurization / heating kneader. For example, it kneads at 1 10 degrees C - 1 80 degrees C for 2 to 
4 hours in a part for ingredient welding pressure 39.2 - 245kPa, the blade rotational frequency 25 - 
60rpm/, atmospheric air, or a vacuum. In addition, it is usable in kneading equipments other than the 
above. 

[0029] Next, the compound after kneading is pelletized. For example, it carries out in a cutter type 
pelletizer under 60 degrees C - 80 degrees C and the pressure of 0.1-0.2MPa. 

[0030] Next, the pelletized ingredient is fabricated in a desired configuration with a screw in-line type 
injection molding machine. For example, a Plastic solid is formed on 1 10 degrees C - 200 degrees C, a 
pressure 29.4 - 147MPa, and conditions with a die temperature of 25 degrees C - 50 degrees C. 
[0031] Here, the reason which can use injection molding now for production of the electromagnetic 
wave absorber of this invention is explained. 

[0032] The ingredient currently generally used in order to produce an electromagnetic wave absorber 
conventionally did not have a fluidity at the time of injection molding, and a good moldability, and its 
configuration holdout at the time of cleaning mentioned later or baking was not good, either. Moreover, 
since the simple configuration of a plate, a short lattice type, etc. was in use, the conventional 
electromagnetic wave absorber was able to respond enough by other technique other than injection 
molding. Furthermore, it was generally heavy-gage and was a configuration unsuitable for injection 
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molding. 

[0033] The fluidity at the time of injection molding and the moldability of an ingredient are good to it in 
the composite powder end of above this inventions, and the configuration holdout at the time of cleaning 
or baking is also good. Moreover, big shearing force is applied at the time of kneading with mixed 
powder and an organic binder, and it becomes easy to carry out homogeneity distribution of a ferrite and 
the ceramic powder. This became possible to use injection molding on the occasion of production of an 
electromagnetic wave absorber. 

[0034] Cleaning processing is performed to a Plastic solid after the above-mentioned injection molding. 
For example, a Plastic solid is set on a porous ceramic setter, the inside of the programming rate of 5-30 
degrees C/hour and a furnace is made into the oxidizing atmosphere by the bottom of atmospheric 
pressure to room temperature -450 degree C, and the carrier of cracked gas carries out cleaning 
processing on the conditions made into Ayr. 

[0035] A Plastic solid is sintered after cleaning processing. Sintering is carried out by the oxidizing 
atmosphere. For example, the temperature of 1 100 degrees C - 1400 degrees C performs on condition 
that maintenance extent with the programming rate of 80-300 degrees C/hour for 2 to 4 hours. 
[0036] The electromagnetic wave absorber of this invention can be manufactured through the above 
process. 
[0037] 

[Example] Hereafter, the example of this invention is shown using Table 1-5, drawing 2 , and drawing 
3 , and this invention is explained in more detail. 

[0038] As ferrite magnetism powder of the presentation shown in Table 1, what consists of mean- 
particle-diameter: 1.2micrometer, BET specific surface area:1.9m2/g, and specific gravity:5.2 g/cm3, and 
the thing which consists of mean-particle-diameter:0.50micrometer, BET specific surface area:5.0m2/g, 
and specific gravity:3.93 g/cm3 as a presentation of the alumina shown in Table 2 are mixed by the 
weight ratio 95:5, and an ingredient is obtained in the composite powder end of a ferrite and the 
ceramics. 
[0039] 
[Table 1] 

•7^7^ hto£ (w t. %) 



Fe 2 0 3 


N i O 


ZnO 


CuO 


4 9 


9 


3 4 


8 



[0040] 
[Table 2] 

Tfrl-rifcy 5 {wt. %) 



Al 2 O s 


S i O t 


Fe a O, 


NaO 


MgO 


99. 8 


0. 06 


0. 01 


0. 04 


0. 1 



[0041] It mixes with about 10% of the weight of a thermoplastics binder with V blender at a room 
temperature, and the above-mentioned end of composite powder is kneaded under the pressurization of 
82.3kPa whenever [ stoving temperature / of 130 degrees C ] with pressurization / heating kneader after 
that for 2 hours. 

[0042] A kneading object is pelletized in a pelletizer after kneading. Subsequently, the Plastic solid of 
the complicated configuration where the part surrounded by the screw in-line type injection molding 
machine with the tall grid-like gestalt under 98MPa pressure at each grid by whenever [ cylinder stoving 
temperature / of 100 degrees C - 170 degrees C ] became a through hole is formed. 
[0043] Then, it heats at 450 degrees C with the average programming rate of 20 degrees C/hour, and 
cleaning processing is carried out in an oxidizing atmosphere. In addition, although the cleaning object 
of the shape of ferrite 100% isomorphism was also produced as an example of a comparison, the 
example of a comparison was crushed when the case where an ingredient was used in the composite 
powder end of this invention was compared with the configuration maintenance property, and the above 
complicated configurations were not able to be held, when an ingredient was used in the composite 
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powder end of this invention, the configuration of a cleaning object was able to be held. That is, when 
an ingredient was used in the composite powder end of this invention, it was able to check that the 
configuration maintenance property of a cleaning object was good. 

[0044] Subsequently, in the average programming rate of 100 degrees C/hour, maintenance sintering is 
heated and carried out to 1250 degrees C for 2 hours. The electromagnetic wave absorber of this 
invention was produced through the above process. 

[0045] And since the permeability of elegance (ferrite of a nickel-Cu-Zn system) was measured this 
invention article and conventionally that the engine performance of the above-mentioned 
electromagnetic wave absorber should be checked, the result is shown in drawing 2 . 
[0046] As shown in drawing 2 , it turns out that it has permeability equivalent to elegance 
conventionally, and this invention article has high permeability over a frequency region conventionally 
larger than elegance. That is, it turns out that the electromagnetic wave absorptivity ability of this 
invention article reaches far and wide, and is excellent. 

[0047] Therefore, the electromagnetic wave absorber of this invention is considered to be useful to the 
frequency domain of 90-220MHz (television) of ultrashort waves VHF, and 470-770MHz of ultrahigh 
frequencies UHF (land mobile radiotelephone). Moreover, microwave SHF (cellular phone), satellite 
communication, etc. are considered to be usable also to l-70GHz. 

[0048] Moreover, since the relation between the appending rate (wt%) of the alumina (ceramics) to a 
ferrite and permeability was also investigated, the result is shown in drawing 3 . In addition, 
permeability was measured with the vector network analyzer HP8510 (test frequency: l-1000MHz). 
[0049] As shown in drawing 3 , it turns out that the appending rate of an alumina (ceramics) has become 
[ permeability ] larger than 100 less than [ more than 0.5wt%10wt% ]. Therefore, desired 
electromagnetic wave absorptivity ability is obtained by making the appending rate of an alumina 
(ceramics) into less than [ more than 0.5wt%10wt% ]. 

[0050] Furthermore, since it compared with the complex ferrite of this invention also about the 
consistency of elegance (ferrite of a nickel-Cu-Zn system) conventionally, the result is shown in Table 
3. 

[0051] 
Ta ble 3] 



7A>i 

(wt. %) 



7-i V 



N J -Cu-Z 



0% 



5. 2 



3% 



5. 1 



5% 



4. 9 



1 0% 



4. 3 



[0052] As shown in Table 3, what is lower than the case where the consistency of the complex ferrite of 

this invention is elegance conventionally is known. That is, by using the complex ferrite of this 

invention shows that an electromagnetic wave absorber can be lightweight-ized. 

[0053] Furthermore, since ingredient physical properties, such as bending strength, a bending elastic 

modulus, etc. at the time of using the complex ferrite of this invention, were also measured, the result is 

shown in Table 4. 

[0054] 

[Table 4] 
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(wt«) 


(MPa) 


(MPa) 


0 


1 1 3 


10 9 4 6 6 


0. 5 


! 1 9 


12 0 5 4 0 


3. 0 


1 3 0 


14 2 10 0 


5. 0 


1 4 7 


15 6 7 6 0 


1 0. 0 


1 8 4 


18 5 2 2 0 


2 0. 0 


2 1 8 


2 0 8 7 4 0 


5 0.0 


3 0 9 


2 7 2 4 4 0 


8 0. 0 


3 3 6 


3 18 5 0 0 


1 0 0. D 


4 0 2 


382200 



[0055] As shown in Table 4, by adding an alumina (ceramics) to a ferrite shows that bending strength 
and a bending elastic modulus are improving. This is guessed that it is a cause to have controlled ferrite 
grain growth by addition of an alumina. 

[0056] In addition, when organization observation of elegance was performed this invention article and 

conventionally, in this invention article, it checked the ceramics being in a compound condition and 

presenting crystal distribution conventionally more uniform than elegance to a ferrite. 

[0057] Furthermore, since the relation between the addition of an alumina (ceramics), and a moldability 

and a configuration maintenance property was also investigated, the result is shown in Table 5. 

[0058] 

Table 5] 
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10.0 
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O : fA « tt L 

* : n a a> 



[0059] As shown in Table 5, when the addition of an alumina (ceramics) is more than 0.5wt%, it turns 
out that the moldability and the configuration maintenance property are improving. 
[0060] Moreover, by adopting injection molding, height is high and can form the electromagnetic wave 
absorber of a complicated configuration easily. Specifically, the height of the hole surrounded with the 
grid can form easily the electromagnetic wave absorber which is 10 or less times of the distance across 
vee of a hole more than twice. 

[0061] Although the gestalt of operation of this invention was explained as mentioned above, it should 
be thought that the gestalt of the operation indicated this time is [ no ] instantiation at points, and 
restrictive. The range of this invention is shown by the claim and it is meant that all modification in a 
claim, equal semantics, and within the limits is included. 
[0062] 

[Effect of the Invention] 
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[Drawing 3] 
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